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(54) FLAW DETECTOR FOR CONDUCTOR 
(57)Abstract: 

PURPOSE: To improve an S/N ratio of a flaw detection signal to 
obtain highly reliable detection results even if a gap between an object 
to be inspected and a detecting part varies due to vibration during 
transportation or the like. 

CONSTITUTION: A first exciting unit 4 and a second exciting unit 5 
which are circular are placed along a transfer direction of an object 1 
to be inspected. Magnetic poles formed at opposite positions along 
the transfer direction of the first exciting unit 4 and the second exciting 
unit 5 are made to have different poles to generate a magnetic field in 
the transfer direction at a position of a detecting unit 6. The magnetic 
field is rotated in a circumferential direction by using three-phase 
alternating curent. The change due to a flaw in eddy current 
generated on the object 1 is detected as a change In the magnetic 
field by the detecting unit 6. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the crack detection equipment of the conductor which can be used for 
detection of surface cracks, such as a steel bar. 

[0002] 

[Description of the Prior Art] For example, when detecting a surface crack about an iron steel part, generally inspection 
is carried out using the vortex flaw detection approach or the magnetic-leakage-flux flaw detection approach. In the 
vortex flaw detection approach, through is poured in the field generated with the exiting coil, and an inspection object 
is poured for an eddy current to an inspection object. And since an eddy current changes according to the existence of 
the surface crack of an inspection object, a detection coil etc. detects the magnetic flux produced by the change. In the 
magnetic-leakage-flux flaw detection approach, the inspection object which is the magnetic substance is magnetized 
and the magnetic leakage flux which leaks to the outside by the crack of an inspection object is detected using a sensor. 

[0003] While the power of test of eddy current flaw detection is good, it is barred in many cases by the false 
unnecessary noise signal induced by the magnetic ununiformity of the surface state of **-ed material, for this reason, 
generally makes a coil differential winding, and is inspecting the surface crack according to the difference of the signal 
of both coils. 

[0004] Signs that **-ed material is inspected with the encircling coil of the self-excitation method most generally used 
for drawing 15 are shown. As for the coils 4a and 4b which perform excitation and crack detection of an encircling coil 
3, the crack signal shown in 21 when the **-ed material 1 passes an annular coil 3 in the arrow-head 20 direction by 
the direction of a coil being reverse, having become differential winding, and the crack crack 2 being in the **-ed 
material 1 is acquired respectively. The detection signal of the crack crack 2 by the encircling coil 3 is the same 
however long the crack crack 2 may be to the longitudinal direction of the **-ed material 1, and since this makes the 
detection signal the difference of the signal of Coils 4a and 4b, it is because a signal does not occur in two places, the 
signal a in the front of the crack crack 2, and the signal b in a taele. Moreover, if it is influenced [ big ] and a crack 
changes also with the front of the crack crack 2, and the crack configurations of a tail part to **** by the longitudinal 
direction, although a detection signal will also become high, if the detection signal is loose, it has problems - a 
detection signal is low and a power of test declines - and detection of the crack crack 2 by the encircling coil 3 
remained only in the crack in which the crack depth is large. 

[0005] In order to cancel the fault of such an encircling coil, the rotational probe coil mold is considered. A probe 5 
detects a crack signal for every crack and this aims at improvement in the power of test to a crack crack, as 

are shown in drawing 16 , and the cross-section hoop direction of the **-ed material 1 is made to rotate the probe 5 
which contained the exiting coil and the detection coil as shown in an arrow head 19, a right angle is passed to the 
crack crack 2 of the **-ed material 1 and it is shown in drawing 16 as 22. However, in order to make a probe 5 cross 
repeatedly to the crack crack 2, there are many dangers of carrying out the high-speed revolution of the probe 5 around 
the **-ed material 1, and overlooking intricately [ ** and a rolling mechanism ] difficultly [ the flattery to the **-ed 
material 1 of a probe 5 ] when the crack crack 2 is short if it is ****, and problems, such as being high. 
[0006] As a conventional technique for canceling such a trouble, JP,62-6162,A, JP,62-6163,A, JP,62-123352,A,.JP,62- 
145162,A, JP,62-172258,A, and JP,62-172259,A are well-known, for example. 

[0007] In JP,62-6162,A, while installing many detection units which become with an exiting coil and a sensing coil in 
a circumferencial direction and generating the field of the circumferencial direction of an inspection object, or the 
direction of a cross section with an exiting coil, inspection of the whole circumferencial direction is enabled by 
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switching many detection units one by on^with a switch. 

[0008] Moreover, he is trying to make a circumferencial direction carry out the sequential revolution of the excitation 
location in JP,62-6163,A and JP,62-123352,A, without exciting an exiting coil using the three-phase altemating 
current, and using a switch, while installing many detection units which become with an exiting coil and a sensing coil 
in a circumferencial direction and generating the field of the circumferencial direction of an inspection object, or the 
direction of a cross section with an exiting coil. 

[0009] Moreover, he separates mechanically the detection unit of each other installed in the circumferencial direction, 
and is trying to maintain a gap with an inspection object uniformly for every detection unit in JP,62-145162,A. 

[ many ] 

[0010] In JP,62-172258,A and JP,62-172259,A, while generating the field rotated one by one to the circumferencial 
direction of an inspection object, many sensors are arranged in this circumferencial direction, and the technique which 
samples the output of many sensors one by one is indicated synchronizing with the revolution of the generated field. 
[0011] 

[Problem(s) to be Solved by the Invention] These techniques are inherent in the following common faults, even if an 
advantage is in each. For example, at JP,62-6162,A, in order to use the exiting coil further shown in drawing 19 by 
JP,62-145162,A in order to use an exiting coil and a sensing coil as shown in drawing 17 , and in order to use the 
exiting coil shown in drawing 18 by JP,62-6163,A and JP,62-123352,A, the magnetic flux from an exiting coil is 
produced in radial [ of inspected material ]. On the other hand, by the excitation method of the penetration mold shown 
in conventional drawing 15 , magnetic flux is generated in the direction of straight side (shaft) of inspected material. 
[0012] By the way, although S/N (it is the ratio of the flaw signal S and the base noise N, and the ease of detecting of a 
flaw is expressed) in automatic testing is generally called need 3 or more times By gap fluctuation of a detector and an 
inspection object, although S/N becomes good so that S/N of this signal of the gap of a detector and an inspection 
object is small Since a actual inspection process inspects conveying the steel bar which is for example, an inspection 
object at high speed, it cannot narrow a gap extremely on balance with ******. 

[0013] Moreover, since an inspection object vibrates by conveyance, the gap of a detector and inspected material is 
always changed. Under the present circumstances, since [ whose magnetic flux fi-om an exiting coil is inspected 
material ] flux density will change with gap fluctuation remarkably if generated radially, sensibihty change of about 
[ that fluctuation of a base noise is large ] and a flaw signal takes place extremely, and there is a fault in which S/N gets 
worse remarkably. 

[0014] However, when the shaft orientations of inspected material are made to generate the magnetic flux from an 
exiting coil as shown in drawing 15 , change of the flux density of inspected material radial [ by gap fluctuation ] has 
the advantage which becomes comparatively small. Therefore, this invention is making it generate instead of the 
above-mentioned probe rotary system, making a hoop direction rotate the magnetic flux of the shaft orientations of 
inspected material, improves the S/N ratio of the signal acquired to the crack of an inspection object, and makes it a 
technical problem to raise the dependability of crack detection. 
[0015] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the crack detection 
equipment of the conductor of claim 1 The 1st excitation means which is a form surrounding the periphery of the 
inspection object conveyed by predetermined shaft orientations (4); It is a form surrounding the periphery of said 
inspection object. The 2nd excitation means installed in a different location from said 1st excitation means (5); 
Between said 1st excitation means and the 2nd excitation means. The field which magnetic-flux detection means (6 7); 
installed in the front face of said inspection object and the location which counters and said 1st excitation means, and 
the 2nd excitation means generate It has excitation control means (2A, 2B); which generates a field so that it may be 
suitable in the conveyance direction of said inspection object and may rotate to the circumferencial direction of said 
inspection object in the location of said magnetic-flux detection means. 

[0016] Moreover, the crack detection equipment of the conductor of claim 2 contains two or more exiting coils 
arranged aknost annularly in the form surrounding the periphery of the inspection object (1) conveyed by 
predetermined shaft orientations. The excitation means of the 1st set (4); Two or more exiting coils arranged almost 
annularly in the form surrounding the periphery of said inspection object are included. The excitation means of the 2nd 
set installed in a different location from said excitation means of the 1st set to said shaft orientations (5); while rotating 
to the circumferencial direction of said inspection object, the field which said excitation means of the 1st set and the 
excitation means of the 2nd set generate To the exiting coil pair which counters said shaft orientations mutually [ the 
excitation means of the 1st set, and the excitation means of the 2nd set ] It has magnetic-flux detection means (6 7); 
installed in the front face of said inspection object between excitation control means (2A, 2B); which forms a mutually 
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different magnetic pole at the same even^fc said excitation means of the 1st set,!^ the excitation means of the 2nd 
set, and the location which counters. 

[0017] moreover, the difference which detects the difference of the signal which two detection means to by_which 
come to arrange said inspection object in the form to surround annularly, and said magnetic-flux detection means 
adjoins further mutually two or more detection means counter with a part of circumferencial direction of the each 
aforementioned inspection object, among two or more of said detection means in it in claim 3 output - a detection 
means (71) includes. 

[0018] Moreover, in claim 4, said excitation control means includes the polyphase current power source more than a 
three phase circuit. 

[0019] In addition, although the notation shown in the above-mentioned parenthesis shows the sign of the element with 
which it corresponds in the example mentioned later by reference, each component of this invention is not limited only 
to the concrete element in an example. 
[0020] 

[Function] In invention of claim 1, it is arranged in the form where the 1st excitation means (4) and the 2nd excitation 
means (5) surround the periphery of an inspection object (1), respectively, and the 1st excitation means (4) and the 2nd 
excitation means (5) are installed in the location mutually shifted to the shaft orientations by which an inspection 
object is conveyed. Moreover, between said 1st excitation means and the 2nd excitation means, the magnetic-flux 
detection means (6 7) is installed so that it may counter with the fi-ont face of said inspection object. And an excitation 
control means (2 A, 2B) controls a field so that the field which said 1st excitation means and the 2nd excitation means 
generate is suitable in the conveyance direction of said inspection object and rotates to the circumferencial direction of 
said inspection object in the location of said magnetic-flux detection means. 

[0021] Moreover, in claim 2, the excitation means (4) of the 1st set and the excitation means (5) of the 2nd set contain 
two or more exiting coils arranged almost annularly in the form which surrounds the periphery of an inspection object 
(1), respectively, and the excitation means (4) of the 1st set and the excitation means (5) of the 2nd set are installed in 
the location mutually shifted to the shaft orientations by which an inspection object is conveyed. And an excitation 
control means (2A, 2B) forms a mutually different magnetic pole at the same event in the exiting coil pair which 
counters said shaft orientations mutually [ the excitation means of the 1st set, and the excitation means of the 2nd set ] 
while rotating the field which the excitation means of the 1st set and the excitation means of the 2nd set generate to the 
circumferencial direction of said inspection object. Moreover, between the excitation means of the 1st set, and the 
excitation means of the 2nd set, a magnetic-flux detection means (6 7) is installed so that it may counter with the front 
face of said inspection object. 

[0022] Thus, if constituted, as for the field in the space between the excitation means of the 1st set and the excitation 
means of the 2nd set which a magnetic-flux detection means is installed, the component (Bz) of said shaft orientations 
will become dominant. That is, the magnetic path which goes to one magnetic pole of the excitation means of the 2nd 
set from one magnetic pole of the excitation means of the 1st set (to or the objection) is formed. Since this magnetic 
path adjoins the front face of an inspection object, an eddy current flows on an inspection object by the magnetic flux 
which passes along it. Although the direction where an eddy current flows becomes settled with the sense of the 
magnetic flux generated by each excitation means, when a crack is shown in the front face of an inspection obj ect, an 
eddy current flows so that a crack may be bypassed. A magnetic-flux detection means (6 7) detects the magnetic flux 
produced according to the eddy current on an inspection object. Therefore, if an eddy current changes with the 
existence of the crack on an inspection object, it will be detected by the magnetic-flux detection means and the 
existence of a crack will be detected. Since it rotates to the circumferencial direction of an inspection object, the field 
which the excitation means of the 1st set and the excitation means of the 2nd set generate can detect the crack of each 
location of a circumferencial direction. 

[0023] Although this invention detects a crack in the condition of having made parallel exciting an inspection object 
toward the conveyance direction (Z), conventional crack detection equipment is detecting the crack, where an 
inspection object is excited in the circimiferencial direction or the direction of a cross section. As for the S/N ratio of 
the signal acquired by the crack, according to the experiment, also in any in the condition that the inspection object is 
standing it still, and the condition (condition of changing the gap of a magnetic-flux detection means and an inspection 
object) that the inspection object is vibrating by conveyance, the result with the, far more sufficient equipment of this 
invention than conventional equipment was obtained. Therefore, rehable crack detection is realized. 
[0024] the difference which detects the difference of the signal which two detection means to by_which come to 
arrange said inspection object in the form to surround annularly, and a magnetic-flux detection means adjoins fiirther 
mutually two or more detection means counter with a part of circumferencial direction of the each aforementioned 
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^ J , ^ , detection means (71) is included. 

That is, change of magnetic-flux distribution (magnetic-flux distribution produced according to an eddy current) in the 
location which adjoins the circumferencial direction of an inspection object mutually is detected as a crack on an 
inspection object. 

[0025] In claim 4, an excitation control means includes the polyphase current power source more than a three phase 
circuit. That is, by rotating an excitation field using a polyphase current power source, the space higher harmonic 
produced in an excitation field can be reduced, the unevenness of a field becomes small, and crack detection stabilized 
more is realized. 
[0026] 

[Example] The configuration of the crack detection equipment of an example is shown in drawing 1 , the II-II line 
cross section of drawing 1 is shown in drawing 2 , and the IH-III line cross section of drawing 1 is shown in drawing 

3 . With reference to drawing 1 , it explains first. The steel bar 1 which is an inspection object is manufactured with a 
hot rolling Une, and it is rolled out continuously, being conveyed at high speed by the shaft orientations (longitudinal 
direction). In this example, crack detection equipment is arranged so that the path of a steel bar 1 may be surrounded to 
the appearance side like a finish roll tumer. In addition, in the location of crack detection equipment, since the 
temperature of a steel bar 1 is more than a Curie point, a steel bar 1 is non-magnetic material. 

[0027] The body of crack detection equipment consists of three-phase-circuit AC -power-supply 2A, 2B, a signal 
generator 3, the 1st excitation unit 4, a 2nd excitation unit 5, a detection unit 6, and a detector 7. The 1st excitation unit 

4 consists of exiting coils 47 of the annular iron core 40 arranged so that a steel bar 1 may be surrounded, and a large 
number wound around it. The exiting coil 47 has become actually with 24 coils arranged at equal intervals at the 
circumferencial direction as shown in drav^ng 2 . Moreover, since connection of these coils is carried out as a dotted 
line shows, these are classified into every four-piece guru [ 6 sets of exiting coil ]-PU 41, 42, 43, 44, 45, and 46. That 
is, as shown in drawing 4 , exiting coil guru-PU 41, 42, 43, 44, 45, and 46 is excited by the power source of +U phase, 
-V phase, +W phase, -U phase, +V phase, and -W phase, respectively. 

[0028] Similarly, the 2nd excitation unit 5 consists of exiting coils 57 of the annular iron core 50 arranged so that a 
steel bar 1 may be surrounded, and a large number wound around it. The exiting coil 57 has become actually with 24 
coils arranged at equal intervals at the circumferencial direction as shown in drawing 3 . Moreover, since connection of 
these coils is carried out as a dotted line shows, these are classified into every four-piece guru [ 6 sets of exiting coil ]- 
PU 51, 52, 53, 54, 55, and 56. That is, as shown in drawing 4 , exiting coil guru-PU 51, 52, 53, 54, 55, and 56 is 
excited by the power source of -U phase, +V phase, -W phase, +U phase, -V phase, and +W phase, respectively. 
[0029] As shown in drawing 1 , three-phase-circuit AC-power-supply 2 A generates the power supplied to the 1st 
excitation unit 4, and three-phase-circuit AC-power-supply 2B generates the power supplied to the 2nd excitation unit 
5. Three-phase-circuit AC-power-supply 2 A and 2B generate the alternating current power of a three phase circuit (U, 
V, W) synchronizing with the three-phase-circuit AC signal which a signal generator 3 outputs, respectively. 
Therefore, the phase of the alternating current power of the three phase circuit which three-phase-circuit AC-power- 
supply 2 A outputs, and the alternating current power of the three phase circuit which three-phase-circuit AC-power- 
supply 2B outputs synchronizes mutually. 

[0030] And as shown in drawing 4 , as for the power supplied to exiting coil guru-PU in the location where the 1st 
excitation unit 4 and the 2nd excitation unit 5 counter mutually, the polarity is reverse mutually to the shaft orientations 
of a steel bar 1. When the magnetic pole which is got blocked, for example, is generated by energization of exiting coil 
guru-PU 41 is the south pole, the magnetic pole generated by energization of exiting coil guru-PU 51 turns into N pole. 
Moreover, when the magnetic pole generated by energization of exiting coil guru-PU 41 is an N pole, the magnetic 
pole generated by energization of exiting coil guru-PU 51 turns into the south pole. For this reason, the field which 
goes to the direction where the 1st excitation unit 4 and the 2nd excitation unit 5 counter mutually, i.e., the shaft 
orientations of a steel bar 1, occurs. 

[003 1] The detection unit 6 is annularly constituted so that a steel bar 1 may be surrounded, and it is arranged in the 
middle location of the 1st excitation unit 4 and the 2nd excitation unit 5. The flux density distribution around the steel 
bar 1 in the location of the detection unit 6 formed of excitation of the 1 st excitation unit 4 and the 2nd excitation unit 5 
was calculated and searched for by computer simulation. The result is shovm in drawin g 8 . In addition, the imaginary 
part shown in the real part shown in the drawing 8 upside and the bottom shows the condition that the phase of a 
power-source wave shifted 90 degrees mutually. 

[0032] Furthermore, the result of having decomposed the flux density distribution around the steel bar 1 in the location 
of the detection unit 6 into the component of each shaft orientations is shown in drawing 9 as flux density in 
circumferencial direction each location. In drawing 9 , Bz, Bt, and Br show the flux density of Z shaft orientations 
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(longitudinal direction of a steel bar), the flection of a path of a steel bar, and a ci^l^ferencial direction, 
respectively. That is, about the flux density in the location of the detection unit 6, that the component of Z shaft 
orientations is dominant can understand from drawing 9 . 

[0033] Moreover, time amount transition of flux density distribution of Z shaft orientations in the location of the 
detection unit 6 is shown in drawing 10 . Here, T is one period (1/60 seconds) of the signal which a signal generator 3 
outputs. If drawing 10 is referred to, he can understand that distribution of flux density moves to a circumferencial 
direction with time amount. That is, the field formed in the location of the detection unit 6 turns into rotating magnetic 
field which rotate the perimeter of a steel bar 1 to a circumferencial direction. As shown in drawing 1 at a certain 
event, the one south pole and one N pole are formed on the 1st excitation unit 4. One N pole and the one south pole are 
formed on the 2nd excitation unit 5, and big flux density is obtained in the location of the detection unit 6 between the 
south pole of the 1st excitation unit, and N pole of the 2nd excitation unit, and between N pole of the 1st excitation 
unit, and the south pole of the 2nd excitation unit. 

[0034] Next, it explains with reference to drawing 1 1 . As mentioned above, excitation of the 1st excitation unit 4 and 
the 2nd excitation unit 5 produces the field H of Z shaft orientations near the front face of a steel bar 1 . By this field H, 
an eddy current i flows toward a circumferencial direction in the front face of the steel bar 1 which is a conductor. 
However, since it flows so that an eddy current may bypass crack la, when crack la exists in the front face of a steel 
bar 1, near the crack la, it is component i" of Z shaft orientations to an eddy current. It is generated. This eddy current 
i" The field H2 of a circumferencial direction arises. When crack la does not exist, the field H2 of a circumferencial 
direction is hardly produced. Therefore, if the field H2 of a circumferencial direction is supervised, the existence of 
crack la is detectable. 

[0035] The detection unit 6 is installed in order to detect the field H2 of a circumferencial direction. The configuration 
of the detection unit 6 is shown in drawing 12 . Drawing 12 develops a circumferencial direction to a lengthwise 
direction, and shows the appearance of the detection unit 6. Moreover, the V-V line cross section of drawing 12 is 
shown in drawing 5 . Reference of drawing 12 constitutes the detection unit 6 from detecting elements 6 A and 6B of 
two trains put in order where Z shaft orientations are approached mutually. Detecting-element 6A equips the 
circumferencial direction with 30 coil plate 6Aa(s), 6Ab, 6 Ac, 6 Ad, and .... which were put in order at equal intervals. 
The same is said of detecting-element 6B. Every two by which these coil plates adjoin a circumferencial direction 
mutually are a pair, respectively. 

[0036] One pair of configurations of coil plate 6Aa and 6Ab are shown in drawing 6 . Coil plate 6Aa and 6Ab(s) have 
the spiral coil 62 respectively formed with the conductor of the shape of a foil printed on the resin substrate 61. Lead- 
wire 63a or 63b is connected to the end of the outside of a coil 62. The end inside the coil 62 of coil plate 6Aa and the 
end inside the coil 62 of coil plate 6Ab are mutually connected by lead wire 64. The same is said of other coil plate 
6Ac(s), 6 Ad, 6Ae, 6Af, and ... 

[0037] The magnetic flux produced by the field H2 interlinks with a coil 62, and an electrical potential difference 
carries out induction to a coil 62. When crack la does not exist in the steel bar front face of a pair of coil plate (for 
example, 6Aa(s), 6Ab) and the location which counters, the electrical potential difference which carries out induction 
to two coils 62 becomes ahnost equal, but when crack la exists in the steel bar front face of one side of a pair of coil 
plate, and the location which counters and a crack does not exist in the location of another side, a difference arises on 
the electrical potential difference which carries out induction to two coils 62. Therefore, since the potential difference 
which appears between lead- wire 63a and 63b becomes large when there is crack la, crack la is detectable by 
supervising the potential difference. 

[0038] The configuration of the part connected to coil plate 6Aa of a couple and 6Ab among detectors 7 is shown in 
drawing 7 . Moreover, the example of a signal of each part of the circuit shown in drawing 7 is shown in drawing 13 . 
If drawing 7 is referred to, the differential amplifier 71 will amplify the difference of the electrical potential difference 
SA in which the coil of coil plate 6Aa carries out induction, and the electrical potential difference SB in which the coil 
of coil plate 6Ab carries out induction, and will output it as a signal SC. Signal SC is inputted into Schmidt Trigger 74 
through an inversed amplifier 72 while it is inputted into Schmidt Trigger 73. If the amplitude of Signal SC becomes 
more than predetermined, Schmidt Trigger 73 and/or the output of 74 will be set to high-level H. OR gate 75 generates 
the crack detecting signal SD based on the signal which Schmidt Trigger 73 and 74 outputs. The detector of the 
configuration same also about the pair of other coil plates (6 Ac, 6 Ad, 6Ae, 6Af, ...) as what is shown in drawin g 7 , 
respectively is connected. 

[0039] As mentioned above, the fields H produced by excitation of the 1st excitation unit 4 and the 2nd excitation unit 
5 are rotating magnetic field, and a part with large flux density rotates them at a fixed rate to the circumferencial 
direction of a steel bar 1. And an eddy current flows into a part with the large flux density on a steel bar 1, and the 
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existence of a crack is detected using this^fcy current. Therefore, the location set iRie object of crack detection is 
also moved to a circumferencial direction with the revolution of Field H. Crack la on a steel bar 1 is detected by a pair 
of coil plate (for example, 6Aa(s), 6Ab) which exists in it and the location which counters. 

[0040] In this example, about the detecting elements 6 A and 6B of two trains arranged in Z shaft orientations, it has 
connected so that the pair of a coil plate may become alternate. Namely, although coil plate 6Aa and 6Ab, 6 Ac and 
6Ad, 6Ae and 6Af, and ... are making the pair about detecting-element 6A of eye one train, respectively as shown in 
drawing 12 About detecting-element 6B of eye two trains, coil plate 6Bb and 6Bc, 6Bd and 6Be, 6Bf and 6Bg, and ... 
are making the pair, respectively, and coil **** of detecting-element 6B of eye two trains is located between coil **** 
and coil **** of detecting-element 6A of eye one train which adjoin mutually. 

[0041] For example, although a crack is detected by them, it is difficult in the location coil plate 6Aa of a 
circumferencial direction, and near the 6Ab to detect a crack near coil plate 6Ab and the 6Ac by coil **** 6Aa and 
6Ab, or coil **** 6Ac and 6Ad. However, near coil plate 6Ab and the 6Ac, a crack is detectable with coil **** 6Bb 
and 6Bc of detecting-element 6B of eye two trains. Therefore, crack detection can be performed in every location of a 
circumferencial direction, and the field (neutral zone) in which crack detection is impossible is not produced. 
[0042] The configuration of three-phase-altemating-current power-source 2 A of drav^ng 1 is shown in drawing 14 . In 
addition, the configuration of three-phase-altemating-current power-source 2B is also the same as that of drawdng 14 . 
It explains with reference to drawing 14 . It is rectified by the thyristor bridge 22 and smoothness of the alternating 
current power suppUed from three-phase power 21 is carried out by the inductor 25 and the capacitor 26. Therefore, 
du-ect current voltage appears between the terminals of a capacitor 26. The electrical potential difference which appears 
between the terminals of a capacitor 26 changes according to the phase to which the trigger of the thyristor bridge 22 is 
carried out. The electrical-potential-difference command value Vdc impressed to the phase angle calculation machine 
24 is used for adjustment of the direct current voltage which appears between the terminals of a capacitor 26. The 
phase angle calculation machine 24 computes the trigger phase angle alpha corresponding to the electrical-potential- 
difference command value Vdc. A gate driver 23 generates the trigger signal impressed to each gate terminal so that 
the trigger of each thyristor of the thyristor bridge 22 may be carried out by the trigger phase angle alpha which the 
phase angle calculation machine 24 outputs. That is, a trigger signal is generated when the time amount equivalent to 
the phase angle alpha has passed, after detecting the zero crossing point of the alternating current wave form which 
each thyristor switches, respectively and detecting a zero crossing point. 

[0043] The transistor bridge 27 switches the direct current voltage which appears between the terminals of a capacitor 
26, and generates the three-phase-altemating-current electrical potential differences U, V, and W. The signal which 
controls switching of the transistor bridge 27 is generated by the comparator 29, and is impressed to the base terminal 
of each transistor through a gate driver 28. The output of a signal generator 3 and the output of the chopping sea 
generator 30 are connected to the input terminal of a comparator 29. A signal generator 3 outputs the three-phase- 
altemating-current electrical potential differences Ul , VI , and Wl of the sine wave whose frequency is 60Hz. Ul , VI , 
and VI and Wl have the phase contrast of 120 degrees, respectively. Moreover, the chopping sea generator 30 outputs 
the chopping sea signal whose repeat frequency is 3kHz. The comparator 29 builds in six analog comparators and 
outputs those comparison results as six binary signals as compared with the electrical potential difference of the 
chopping sea to which the chopping sea generator 30 outputs the electrical potential difference of the forward half 
wave of the three-phase-altemating-current electrical potential differences Ul, VI, and Wl, and a negative half wave 
with the analog comparator which became independent, respectively. These binary signals are impressed to the 
transistor bridge 27 through a gate driver 28, and the three-phase-altemating-current electrical potential differences U, 
V, and W appear in the output of the transistor bridge 27. 

[0044] It was confirmed by the experiment that the crack detecting signal (SC) in the crack detection equipment of this 
example has the very big S/N ratio. Moreover, even if it was the case where the amount of fluctuation of the gap of the 
detection unit 6 and a steel bar 1 was about 1mm, it tumed out that about 2.5 S/N ratio is obtained to the crack whose 
depth is 0.5mm. 

[0045] In addition, in the above-mentioned example, although the inspection object was explained as a steel bar, if it is 
a conductor, the thing of other constmction material can also be inspected. Moreover, in an example, although the 
three-phase-ahemating-current power source was used as a power source which energizes the excitation units 4 and 5, 
the polyphase current power source exceeding a three phase may be used. Since the space higher harmonic of the field 
produced with the excitation units 4 and 5 is reduced more as a source resultant pulse number increases, crack 
detection stabihzed more is realized. 

[0046] Moreover, in the above-mentioned example, although constituted from a coil plate of a large number which 
arranged the detection unit 6 in the circumferencial direction, even if it uses the field detector of various configurations 
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better known than before,* it is possible to^j^ct a crack. 
[0047] 

[Effect of the Invention] In this invention, since a crack is detected in the condition of having made parallel exciting an 
inspection object toward the conveyance direction (Z), the S/N ratio of the signal acquired by the crack is substantially 
improved compared with the former, and reliable crack detection is realized. Moreover, since an excitation field is 
rotated to a circumferencial direction, crack detection can be performed in each location of a circumferencial direction, 
and both the cracks of a circumferencial direction can also detect the crack of a longitudinal direction. 
[0048] Moreover, in claim 3, since change of magnetic-flux distribution (magnetic-flux distribution produced 
according to an eddy current) in the location which adjoins the circumferencial direction of an inspection object 
mutually is detected as a crack on an inspection object, the existence of a crack can be detected for every small region 
of a circumferencial direction, respectively, and detectability ability improves. For example, both cracks are detectable 
to the inspection object which exists in the location where two or more cracks in which the depth differed greatly 
approached mutually. 

[0049] Moreover, in claim 4, by rotating an excitation field using a polyphase current power source, the space higher 
harmonic produced in an excitation field can be reduced, the unevenness of a field becomes small, and crack detection 
stabilized more is realized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st excitation means which is a form surrounding the periphery of the inspection object conveyed by 
predetermined shaft orientations; It is a form surrounding the periphery of said inspection object. The 2nd excitation 
means installed in a different location from said 1st excitation means; Between said 1st excitation means and the 2nd 
excitation means, The field which magnetic-flux detection means; installed in the front face of said inspection object 
and the location which counters and said 1st excitation means, and the 2nd excitation means generate Crack detection 
equipment of the conductor equipped with excitation control means; which generates a field so that it may be suitable 
in the conveyance direction of said inspection object and may rotate to the circumferencial direction of said inspection 
object in the location of said magnetic-flux detection means. 

[Claim 2] Two or more exiting coils arranged almost annularly in the form surrounding the periphery of the inspection 
object conveyed by predetermined shaft orientations are included. The excitation means of the 1st set; Two or more 
exiting coils arranged almost annularly in the form surrounding the periphery of said inspection object are included. 
The excitation means of the 2nd set installed in a different location from said excitation means of the 1st set to said 
shaft orientations; while rotating to the circumferencial direction of said inspection object, the field which said 
excitation means of the 1st set and the excitation means of the 2nd set generate To the exiting coil pair which counters 
said shaft orientations mutually [ the excitation means of the 1st set, and the excitation means of the 2nd set ] Crack 
detection equipment of a conductor equipped with magnetic-flux detection means; installed in the front face of said 
inspection object between excitation control means; which forms a mutually different magnetic pole at the same event 
and said excitation means of the 1st set, and the excitation means of the 2nd set, and the location which counters. 
[Claim 3] the difference which detects the difference of the signal with which two detection means come to arrange 
said inspection object in the form to surround annularly, and adjoin further mutually a part of circumferencial direction 
of the each aforementioned inspection object and two or more detection means counter, among two or more of said 
detection means in it output said magnetic-flux detection means the crack detection equipment including a detection 
means of said conductor according to claim 2. 

[Claun 4] Said excitation control means is crack detection equipment including the polyphase current power source 
more than a three phase circuit of said conductor according to claim 2. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the crack detection equipment of an example. 
Prawing 2] It is the II-II line sectional view of drawing 1 . 
[Drawing 3] It is the III-III line sectional view of drawing 1 . 

[Drawing 4] It is the perspective view showing distribution of the excitation phase of the excitation units 4 and 5. 
[Drawing 5] It is the V-V line sectional view of drawing 12 showing the detection unit 6. 
[Drawing 6] It is the perspective view showing coil plate 6Aa of a couple, and 6Ab. 
[Drawing 7] It is the block diagram showing a part of detection unit 6 and detector 7. 

[Drawing 8] It is the vector diagram showing the flux density distribution in the location of the detection unit 6. 
[Drawing 9] It is the graph which shows circumferencial direction distribution of each shaft-orientations component of 
the flux density of drawing 8 . 

[Drawing 10] It is the graph which shows time amount transition of Bz of drawing 9 . 

[Drawing 11] It is the perspective view showing the relation between the field on a steel bar, and an eddy current. 
[Drawing 12] It is the development view in which developing perpendicularly and showing the hoop direction of the 
appearance of the detection unit 6. 

[Drawing 13] It is the timing diagram which shows the example of a signal of the circuit of drawing 7 . 
[Drawing 14] It is the block diagram showing the configuration of three-phase-circuit AC-power-supply 2 A. 
[Drawing 15] It is the mimetic diagram showing the configuration of the conventional example. 
[Drawing 16] It is the mimetic diagram showing the configuration of the conventional example. 
[Drawing 17] It is the mimetic diagram showing the configuration of the conventional example. 
[Drawing 18] It is the mimetic diagram showing the configuration of the conventional example. 
[Drawing 19] It is the mimetic diagram showing the configuration of the conventional example. 
[Description of Notations] 
1: Steel bar la: Crack 

2 A, 2B: Three-phase-circuit AC power supply 3 : Signal generator 

4: The 1st excitation unit 5: The 2nd excitation unit 

6: Detection unit 6A, 6B: Detecting element 

6Aa(s), 6Ab, 6Ac, 6Ad, Coil plate 

6Ba(s), 6Bb, 6Bc, 6Bd, Coil plate 

7: Detector 21: Three-phase-altemating-current power source 

22: Thyristor bridge 23 28: Gate driver 

24: Phase angle calculation machine 25: Inductor 

26: Capacitor 27: Transistor bridge 

29: Comparator 30: Chopping sea generator 

40 50: Iron core 

41-46, 51-56: Exiting coil guru-PU 
47 57: Exiting coil 61 : Resin substrate 
62: Coil 63a, 63b: Lead wire 
64: Lead wire 
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